NEOSHO BASIN TOTAL MAXIMUM DAILY LOAD

Water Body/Assessment Unit: South Cottonwood River
Water Quality Impairment: Mercury

1. INTRODUCTION AND PROBLEM IDENTIFICATION

Subbagn: Upper Cottonwood
County: Marion
HUC 8: 11070202

HUC 11 (HUC 14s): 010 (060, 070, 080)

Drainage Area: 118.1 square miles

Main Stem Segments.  WQLS: 17 and 18 beginning at confluence with the Cottonwood River and
continuing upstream to headwatersin western Marion County (Figure 1).

Tributary Segments.  Antelope Creek (19)
Stony Brook (25)
Unnamed Stream (456)

Designated Uses: Expected Aquatic Life Support, Secondary Contact Recreation, Domestic
Water Supply, Food Procurement, Groundwater Recharge, Industrial Water
Supply, Irrigation Use, Livestock Watering use for Main Stem Segments 17
and 18.

Impaired Use: Expected Aquatic Life Support

Water Quality Standard: Aquatic Life Use Chronic Water Quality Standard (WQS) = 0.012 g/
(KAR 28-16-28¢e(c)(2)(F)(ii))

2. CURRENT WATER QUALITY CONDITION AND DESIRED ENDPOINT
Level of Support for Designated Use under 2002 303(d): Not Supporting Aquatic Life

Monitoring Site: Station 635 near Canada

Period of Record Used for Monitoring and Modeling: 1993, 1997, and 2001 for Station 635.
Generdized Watershed Loading Function (GWLF) modding period for soils datais 1999 — 2003.

Flow Record: Cedar Creek near Cedar Point flow record from 1938 to 2002
(USGS 07180500) matched to South Cottonwood River near Marion (USGS 07179850). A summary of
the flow data used to generate the load duration curves areincluded in Table B-1 of the TMDL report.



Figurel South Cottonwood River Location Map
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TMDL Development Tools: Load Duration Curves, Generaized Watershed Loading Function
Mode (GWLF), and outputs from the Regiona Modding System
for Aerosols and Deposition (REMSAD)

Summary of Current Conditions:

Estimated Average Non-point Load of Mercury:  0.031 Ib/day (11.3 Iblyr)
(derived from GWLF annua estimate)

Estimated Point Source Load: 0.0000038 Ib/day
(assumed mercury concentration multiplied by Hillsboro MWTP design flow)

Summary of TMDL Results:
Average TMDL.: 0.000596 |Ib/day

Waste Load Allocation (WLA): 0.0000038 Ib/day (Hillshoro MWTP)

Average Load Allocation (LA): 0.00053 Ib/day

(Average LA = average TMDL —average WLA — average MOS; see Figure 7 for LA at specific flow
exceedance ranges)

Average Margin of Safety (MOS):  0.000059 |Ib/day

TMDL Source Reduction:
WLA Sources (MWTP): No reduction necessary

Non+Point Sources 0.030 Ib/day (98.3%)
(equa to TMDL reduction)

GWLF Modding for Generating L oad Estimates:

Exiding non-point source loads of nercury to South Cottonwood Creek were estimated using the
Generdized Watershed L oading Function (GWLF) (Haith et d. 1996) model. The mode, in conjunction
with some externd soreadsheet caculations, estimates dissolved and total mercury loads in surface runoff
from complex watersheds such as South Cottonwood Creek. Both surface runoff and groundwater sources
areindudedintheamulations. The GWLF modd requiresdaily precipitation and temperature data, runoff
sourcesand transport, and chemical parameters. Trangport parametersinclude aress, runoff curve numbers
for antecedent moisture condition |1, and the erosion product KLSCP (Universa Soil Loss Equation

parameters) for each runoff source. Required watershed transport parameters are groundwater recession
and seepage coefficients, availablewater capacity of the unsaturated zone, sediment ddlivery ratio, monthly
vauesfor evapotrangpiration cover factors, average daylight hours, growing season indicators, and rainfall

erosvity coefficients. I nitid valuesmust a so be specified for unsaturated and shdlow saturated zones, snow
cover, and five-day antecedent rainfal plus snowmelt. The GWLF model itsdf estimates both surface



runoff and sediment yield from the modeled watershed. Theexternd spreadsheet cdculations require data
for mercury in soils aswell asinformation pertaining to water column mercury concentrations.

Input data for mercury in soils were obtained from SCS and USGS (e.g. Juracek, K. E. and D. P. Maw.
2002 and 2003). For modeling purposes, South Cottonwood Creek was divided into severd
subwatersheds. The model was run for each subwatershed separately using afive-year period, January
1998 - December 2002, and first year resultswereignored to eliminate effects of arbitrary initia conditions.
Dally precipitation and temperature records for the period were obtained from the Western Regiond
Climate Center (Haith et a. 1996). All trangport and chemica parameters were obtained by genera
procedures described in the GWLF manud (Haith 1996), and vaues used in the modd are in Appendix.
Parameters needed for land use were obtained from the State Soil Geographic (STATSGO) Database
compiled by Natura Resources Conservation Service (NRCYS) (Schwarz and Alexander 1995).

For each land use area shown on Figure 4, NRCS Curve Number (CN), length (L), and gradient of the
dope(S) wereestimated from intersected € ectronic geographicinformation sysems (GIS) land useand soil
type layers. Soil erodibility factors (Kk) were obtained from the STATSGO database (Schwarz and
Alexander 1995). Cover factors (C) were selected from tables provided in the GWLF manua (Appendix
C). Supporting practice factors of P =1 were used for dl source areas for lack of detailed data. Area
weighted CN and Kk, (LS)k, Ck, and Pk valueswere cdculated for each land use area. Coefficientsfor
daly rainfdl erogvity were selected from tables provided in the GWLF manud. Modd input variablesand
model outputs are shown in Appendix C.

To cdculate the watershed yied for mercury, the GWLF modd was run to generate the average annua

runoff and average annud sediment load generated from each subwatershed. Thismodding was conducted
based on average sediment mercury concentrations derived from severd USGS studies of lake and river
bottom sedimentsin Kansas (Juracek and Mau 2002, 2003). Theaverage sediment mercury concentration
for this area is gpproximatey 0.2 pg/g (ppm). This is generdly consgtent with the range of mercury

concentrations summarized in Section 2. This mass concentration of mercury in sediments was used in

conjunction with the TSS concentrationsin the ambient sampling to determine the particulate portion of the
ambient total mercury resultsthat are atributable to mercury in suspended sediments. Theremainder of the
ambient total mercury sampling results are, therefore, dissolved mercury concentrations.

Tablel Estimated Annual Average Mercury Loading from Water shed

Source (Ib/yr)

Soil Erosion Load 0.13
Runoff Load 11.19
Total 11.32

Thisambient dissolved mercury concentration was conservatively assumed to bethe same concentration as
in the runoff generated from the watershed. This fraction was estimated using partitioning assumptions
implicit in the modd. In addition, the average sediment concentration of 0.2 ug/g of mercury in soil was
used with the GWLF generated average annud sediment yield to cd culate the average annua mercury yield
associated with sediment.



Regional M odeling System for Aerosols and Deposition: Atmospheric depostionisa
contributing source of mercury load in the South Cottonwood River watershed. Both the wet and dry
mercury deposition rates were derived from REMSAD modd simulations provided by 1CF Consulting
(ICF, 2004). Inwork for EPA Office of Water (OW), ICF Consulting has developed REMSAD
modd input files for the smulation of mercury for the 1998 cdendar year. ICF has dso developed a
method called tagging that alows the estimation of the contribution of emissons from specific areas or
gpecific emissons categories to depogition of mercury. These 1998 modding files, comprising
meteorologica inputs, criteria pollutant emissions, and mercury emissons, were used as the basisfor
these Smulations

The REMSAD modd outputs for wet and/or dry deposition were converted to GIS files, dlowing the
correlation of the modd results with information stored in GIS systems. These GIS files were intersected
with coverages of the South Cottonwood Creek watershed to provide spatialy weighted averages of both
wet and dry mercury deposition in the watershed.

Load Duration Curves. Becauseloading capacity isbelieved to vary asafunction of theflow presentin
the stream, Table 2 was prepared to show the number of water quaity samples exceeding the chronic
water qudity sandard (WQS) for mercury asafunction of flow during different seasons of theyear. This
table displays a continuum of desired loads over dl flow exceedance ranges, rather than fixed & asingle
vaue. Ambient water quality datafrom the KDHE rotationa sampling Site 635 were categorized for each
of the three defined seasons: spring (Apr-Jul), summer-fdl (Aug-Oct) and winter (Nov-Mar). Flow data
and ambient water quality datafor mercury, collected during 1993, 1997, and 2001, from station 635 are
provided in Appendix B, Table B-2. High flows and runoff generdly equate to median flows (e.g. about
50% flow exceedance); baseflow and point source influences generdly occur in the 75-99% (lower) flow
exceedance range.

From Table2 atotd of two excursonsof the chronic WQSfor total mercury were observed (out of atotd
of 12 samples collected) during rotationa monitoring, conasting of one during January and one during
September 2001. Both exceedances occurred during moderateflows. Thesetwo exceedancesaccount for
the impaired water body designation and incluson on the 2002 Kansas 8303(d) list.

Table2  Number of Samples Exceeding Mercury Public Health Criteria by Flow during
Spring, Summer/Fall, and Winter

Percent Flow Exceedance
0to 10 to 25 to 50 to 75 to 90 to Cumulative
Station Season 10% 25% 50% 75% 90% 100% Frequency
Spring 0 0 0 0 0 0 0/4 (0%)
South
Cottonwood Summer-Fall 0 0 1 0 0 0 1/2 (50%)
River (635) Winter 0 0 0 1 0 0 1/6 (16.7%)

Figure2 compares KDHE measured mercury concentrationswith the chronic WQSfor total mercury. As
can be seen on the diagram, atota of two exceedances have been measured during that time out of the 12
samples taken, athough the andyticd detection limit (0.5 pg/L) is wdl above the chronic water qudity
criterion (0.012 pg/L).



Figure2 Comparison of Total Mercury Concentrationswith Aquatic Life Use Chronic
Criterion for Monitoring Station #635
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Estimated South Cottonwood River flow data for the associated sample date was used to estimate



both the observed load and the chronic WQS load (Figure 3). Measured mercury concentration and the
chronic criterion load were used to caculate the observed load and the assimilative capacity based on the
chronic WQS, respectively. Differencesin the observed load from the chronic WQS load were ca culated
by subtracting the chronic WQS load from the observed load and positive (i.e. above zero) differences
indicate load exceedances. From Figure 3it is clear that both exceedances occurred at median range
flows (47% and 57%). This observation clearly suggests that mercury loading occurs from nonpoint
sources, asthe design flow for the MWTP iswell below this flow exceedance range.

Desired Endpoints of Water Quality (Implied L oad Capacity) at Site 635 over 2007 — 2011

South Cottonwood River was assigned for TMDL development on the KDHE 2002 303(d) list. 40
CFR8130.7(c)(1) statesthat “TMDLs shdl be established at levels necessary to attain and maintain the
gpplicable narrative and numerica water quaity standard.” The desired endpoint of the South Cottonwood
River watershed will be such that total mercury concentrations attributed to identified potentia sources of
mercury in the watershed remain below the chronic WQS in the stream.  This desired endpoint should
improve water qudity in the stream at both low and high flows. Seasond variation isaccounted for by this
TMDL, since the TMDL endpoint accounts for both low and high flows occurring throughout the yeer.

This endpoint will be reached as aresult of expected, though unspecified, reductions in non-point source
loading from the watershed resulting from implementation of corrective actions and Best Management
Practices, as directed by thisTMDL. Achievement of thisendpoint isexpected to provide full support of
aqudic life use chronic criterion for mercury.

3. SOURCE INVENTORY AND ASSESSMENT

General Watershed Description: The South Cottonwood River watershed liesentirdy within Marion
County (Figure 1), withadrainage areaof gpproximately 118.1 squaremiles. Thewatershed' spopulation
dengity islow when compared to densities acrossthe Neosho Basin (6-9 personymi?). Therural population
projection for Marion County, for example, through 2020 shows modest growth. Population atisticsfor
thispart of Kansas show generaly light to moderate densities (for example, Marion County’ spopulationin
2000 was 13,400). Theannud averageranfdl inthe South Cottonwood River watershed is gpproximeately
32.4 inches (based on data from Topeka, Kansas). Approximately 70 percent of this precipitation fals
between April and September. Tento 18 inchesof snow fdlsinan averagewinter. Averagetemperatures
vary from 35 degrees in the winter to 78 degrees in the summer.

Land Use: Table 3 showsthe genera land use categorieswithin the South Cottonwood River watershed
derived from USEPA BASINS Version 3.0 land use/land cover data (USGS 1994). Cropland and pasture
cover approximately 97% of thetota acreage in the South Cottonwood River watershed, with herbaceous
rangeland covering 2% and dl other uses combined covering less than 1%. Most of theriparian corridor
traverses through cropland and pasture and there is an inggnificant amount (less than 1% of the totd) of
commercia or developed land in thewatershed. Figure4 depictsthe spatid digtribution of thegenerd land
use categories found within the South Cottonwood River watershed.

Table3 Land Use Categoriesfor South Cottonwood River



LANDUSE Total Acres/ %of Total
COMMERCIAL AND SERVICES 93.86 0.12
CROPLAND AND PASTURE 74097.47 97.02
HERBACEOUS RANGELAND 1670.14 2.19
MXD URBAN OR BUILT-UP 52.91 0.07
RESERVOIRS 3.89 0.01
RESIDENTIAL 424.28 0.56
TRANS, COMM, UTIL 27.10 0.04
Totals 76,370 100




Figure4 South Cottonwood River Watershed Land Use Map
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Soils. Figure5, derived from STATSGO data, generdly represents soilstypes prevaent throughout the
South Cottonwood River watershed. Mgor soil types throughout the region of the South Cottonwood
River Watershed condst of sty clay loam, loam, and st loam (Schwarz and Alexander 1995). Various
USGS studies were evauated that indicate background concentrations of mercury in the surrounding

geology of the watershed (Juracek 2003; Mau 2004).

Figure5 South Cottonwood River Water shed SoilsMap
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Overview of Mercury Cycle and Sour ces

The purpose of this TMDL is to establish the acceptable loading of mercury from al sources so that
mercury levelsin water and, possibly, fish tissue will decline to levels necessary to maintain water quality
gandards. Mercury isahighly volatile dement emitted and cycled in the environment through both natura
and anthropogenic processes. The following excerpt from the Louisiana Department of Environmenta
Quality Mercury 2000 Report, provides a helpful synopsis of the many and varied sources of mercury
around the nation (Summary of 1ssues Related to Mercury Contamination of Fish, LDEQ, March 2000,
http:/AMww.deg.state.la.us/survelllance/mercury/mercsumm.htm).

“Ambient concentrations of mercury throughout the United States have increased significantly since the
beginning of theindustrid revolution. Much of thisisdueto the fact that mercury is present in cod used at
eectrica power plantsand isused in many products such asthermometers, fluorescent and mercury vapor
lights, and dectrica switches which may eventudly be incinerated or placed in landfills. Mercury in these
materidsisre eased to the amosphereasagasby cod burning, trashincineration or direct volatilization. In
a process smilar to acid rain, the mercury is later deposited on the earth’s surface through atmospheric
deposition. Other sources of mercury emissions to the atmosphere include chlordkadi plants, which use
mercury cathodesto generate chlorine and alkdi from brine using e ectricity, hazardous waste incinerators,
and pulp and paper mills”

Although there are many potentia sources, thelargest anthropogenic source of mercury inwater gppearsto
be emissonsfrom cod fired dectric plants. Mercury rdeased intotheair cantravel long distancesand then
be deposited into streams and lakes through atmaospheric deposition (fal-out), making it very difficult to
identify specific contaminant sources. Mercury is aso released into water and air by some indudtria

processes, wagte incineration, and improper disposal of mercury-containing products.

Mercury exigs in the environment in different forms Hg(0) (eementd), Hg(ll) (inorganic), and CH3Hg
(organic). In the aamaosphere, mercury exists dmost entirely in the relatively insoluble gaseous Hg(0) Sate
which can be transported over long distances from the source. Elemental Hg(0) can be converted in the
atmosphere to the more solubleinorganic form that can be readily deposited to land or water. Wet and dry
depostion is the mechanism by which mercury emitted into the atimosphere is trangported to land and
surface water.  In surface waters, methylation of mercury can occur where inorganic Hg (I1) binds to
sediment or suspended solids and is transformed into methylmercury, which is crested when bacteria
convert inorganic mercury into an organic compound (CH3Hg). Methylmercury istheonly form of mercury
that can be readily bicaccumulated by fish, humans, and other organisms.

Point Sour ce Discharges

KDHE (2002) reported one NPDES permitted wastewater discharger within the South Cottonwood River
watershed, which isthe Hillsboro MWTP (Table 4).

Table4  NPDES Permitted Discharger to South Cottonwood River

Discharging Facility Stream Reach Segment Design Flow Type
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Hillsboro MWTP S. Cottonwood River 18 0.065 cfs mechanical

Thecity of Hillsboro relieson an activated dudge mechanica system for treetment of their wastewater. The
permit for the City of Hillsboro has recently been renewed. Examination of the effluent monitoring
requirements for the city of Canton indicates that no permit limits have been set for mercury, and thus no
monitoring datawere availablefrom thisMWTP. The population projection for Hillsboro to the year 2020
indicates sgnificant growth (47% increase). Populations of future water use and resulting wastewater il
appear to bewithinthe design flow of the current system’ strestment capacity. At Site 635, excursonsfrom
the mercury chronic WQS appear to occur primarily under runoff conditions or higher flows. Of

sgnificance to point sources are the lack of excursons under low flow in al seasons, epecidly during
winter; therefore point sources are an inggnificant source of mercury loading in the watershed.

Non-point Sour ces

Regional Geology: Various regiond studies of sediment and lake bottom sediment cores indicate that
background traces of mercury are present throughout eastern Kansas (Christensen 1999; Juracek 2003).
Based on a cursory literature review of the geologic and soil properties of the region the average sediment
mercury concentrationsfor thisareaare gpproximately 0.2 ug/g (Christensen 1999). Therefore background
sources of mercury are present in the South Cottonwood River watershed. The background sources of
mercury are most probably associated with historical loadings from atmospheric deposition.

Atmospheric Deposition: Specific data summarizing mercury loading to the South Cottonwood River
watershed from atmospheric deposition was provided by the EPA contractor ICF Consulting. The data
acquired that clearly indicates atmospheric deposition as a pathway for mercury loading to the South
Cottonwood watershed was derived from the modeling outputs of the Regiond Modeing System for
Aerosolsand Deposition (REMSAD) (Meyers, Wei 2004). Figure6 displaysthe averageloading of totdl
mercury in Marion County, Kansas in 1998 at gpproximately 13.43 g/sq.km.



Figure6 1998 Estimated Mercury Deposition in Marion County, Kansas (g/sg.km)
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Utilizing the nationd air emisson databases [Toxic Reease Inventory (TRI), Toxic Emissions Daa
Inventory (TEDI)], which are supported by the monitoring stations of the Mercury Deposition Network
(MDN) the REMSAD modd outputs, provide the most detailed data available to quantify wet and dry
depaosition of mercury to the South Cottonwood River watershed. The Kansas Environmenta Air Release
Profilefor 2000 (KDHE 2000) reports approximately 1,405 Ib/yr of mercury released from eight coal-fired
plantslocated in Southeastern Kansas. KDHE Environmental Remedi ation has an ongoing mercury hazard
and cleanup awareness campaign described at http://www.kdhe.state.ks.us/mercury/index.html.

Based on the REM SAD data, Table 5 showsthat thetotal estimated mercury loading from air sourcesto
the watershed from both wet and dry depositionis11.97 Ib/yr. Therefore, it would gppear that non-point
source pollutants from atmospheric deposition represent over 99 percent of the total loading to the
watershed. Tota wet depostion of mercury estimated by REMSAD for the South Cottonwood River
watershed is 8.37 |bfyr and the total estimated dry deposition is 3.6 Ib/yr. The vaues demondtrate that
amospheric deposition is asgnificant pathway of mercury loading to the South Cottonwood River.

Table5 Estimated Annual Average Mercury Loading from Air Sources

Source (Iblyr)
Dry Deposition 3.6
Wet Deposition 8.37

Total 11.97

Anthropogenic non-point sour ces: KDHE (pers. comm. 2004) identified an historic source of mercury in
the South Cottonwood River watershed. A battery recycling facility (without secondary smelting) was
located in the town of Hillsboro from about 1991 through 1993. Lead-acid batteries were reportedly
dismantled and the sulfuric acid was converted to fertilizer which was later sold to area farmers for land
application. No NPDES permit was ever filed for this facility and therefore there is limited Ste specific
mercury datafromthisste. Itishighly possiblethat thisformer battery recycling plant isasignificant legecy
source of mercury in the watershed.

Other non-point sources of mercury within the watershed may include roads and highways (e.g. from
automobile batteries), urban areas and agriculture lands. A common source of mercury includes light
balagt, thermodtats, and automobile batteries (Kansas Environment 2000 report). However, since no
waterbodies in adjacent watersheds are listed on the State 303(d) list and include smilar demographic
distributions and land use patterns, these disparate anthropogenic nonpoint sources of mercury would not
appear to be the cause of the mercury impairment.

Non-point Sour ce Assessment Conclusion

The above discussion concerning honpoint sources of mercury is a quditative assessment of the potentia
anthropogenic sources of mercury in the South Cottonwood River watershed. The three main sources of
mercury identified are: background sources, atmospheric deposition, and other anthropogenic non-point
sources. It isuncertain what percentage of the total estimated current mercury loading is associated with
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these three source categories. However a number of assumptions can be made that support the premise
that the mgority of the non-point sourceloading from mercury isemanating from the derdlict baitery steand
amospheric depostion. Fird, due to the rdatively low dendty of human population in the South
Cottonwood River watershed, it is not likely that diffuse sources such as agricuture, automobiles, and
landfills would contribute to the mercury impairment in the watershed. Second, background sources of
mercury in soils conditute a very minor portion of the available mercury existing in the watershed. The
average sediment mercury concentration for thisareais gpproximately 0.2 pg/g (ppm).

Thereforeit islikely that atmaospheric deposition and theindividua legacy nont point source of mercury from
the battery recycling plant are the two primary origins of the mercury loading contributing to the water
quality impairment in the South Cottonwood River watershed.

4. ALLOCATION OF POLLUTION REDUCTION RESPONSIBILITY

Following isadiscussion of theresultsof the TMDL processfor tota mercury at South Cottonwood River,
and an evauation of potential sources and respongbility.

TMDL Calculations

Figure 7 shows the load duration curve for mercury which aso defines the South Cottonwood River
TMDL, WLA, LA, and MOS. Thelnformation Sheet at the beginning of the document summarizesdl the
numbers and calculations. Figure 7 aso depicts measured loadings of mercury in relation to the TMDL.

The area below the TMDL with MOS and above the WLA represents the LA in Figure 7. Figure7
showsthe LA range based on flow exceedance. Current point source loading isshown on Figure7 asa
line below the WLA estimate, indicating that no point source load reduction would be necessary. The
current non-point loading estimate is not shown in Figure 7 because the GWLF estimate is based on
averageloadingsrather than flow exceedance ranges. Therefore the current nonpoint loading estimatewas
only compared to the average TMDL vaue. Based on these cd culations, the ca culated average TMDL for
mercury in South Cottonwood River is 0.0072 Ib/day (2.63 Iblyr).

The caculated average TMDL from the load duration curve for total mercury in South Cottonwood River
was computed:

Average TMDL (0.000596 Ib/day) = LA (0.00053 Ib/day) + WLA (0.0000038 Ib/day) + MOS
(0.000059 Ib/day)

These vadues, dong with other key loading and alocation estimates, are shown in the Current Condition
(Section 2).
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Figure7 Load Duration CurveUsed to Derive TMDL
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Results of normality testing. For the data sets used to support al averaged load estimates such as
TMDL, LA/WLA, MOS, and load reduction, results of normality testing indicated that these datawere not
normaly distributed, and it was necessary to log-transform the data before the caculations could be
completed.

TMDL Poallutant Allocation and Reductions

Any dlocation of wasteloads and loads will be made in terms of total mercury reductions. Y &, because
mercury loadings are amanifestation of multiplefactors, theinitia pollution load reduction responsbility will

be to decrease the total mercury inputs over the critica range of flows encountered on the South

Cottonwood River system. Allocationsrelateto the average mercury levels seenin the South Cottonwood
River sysem at ste 635 for the critical higher flow conditions. Additional monitoring over time will be
needed to further ascertain the relaionship between mercury reductions of non-point sources, flow
conditions, and concentrations within the stream.

In calculating the TMDL the average condition is considered across the seasons to establish gods of the
endpoint and desired reductions. Therefore, the target chronic WQS mercury level was multiplied by the
average daily flow for South Cottonwood River across dl hydrologic conditions. This is represented
graphically by theintegrated areaunder the mercury load duration curve (Figure 7). Theareaissegregated
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into alocated areas assigned to point sources (WLA) and non-point sources (LA). Future increasesin
wastel oads should be of fset by reductionsin theloads contributed by non-point sources. Thisoffset, dong
with gppropriate limitations, is expected to eventualy diminate the impairment.

WLA for South Cottonwood River

The WLA for the South Cottonwood River TMDL used the design flow for the permitted point source
discharge, and the mercury chronic WQS. The totd estimated WLA for this NPDES discharge is
0.000046 Ib/day. Figure 7 clearly shows that based on the estimated WLA, there appear to be no
hitorical excursons for mercury from point sources.

WLA (0.0000038 Ib/day) = design flow (0.065 cfs) * chronic WQS (0.000012 mg/L) * 5.3%4

The WLA for the South Cottonwood River TMDL used the design flow for the permitted point source
discharge, and assumed a generalized mercury concentration of 2.5 pug/L based on one- hdf the detection
limit for mercury discharges in trested wastewater.

LA for South Cottonwood River
The LA was estimated by filling in the following formula

LA (0.00053 Ib/day) = TMDL (0.000596 Ib/day) — M OS (0.000059 Ib/day) — WLA (0.0000038
Ib/day)

This cdculaion strongly suggeststhat the mgority of mercury loading occursfrom non-permitted nonpoint
discharges, and that the contribution from NPDES point source discharges is by comparison virtualy
negligible. The load from al non-point sources is contributed from various land uses or atmospheric
deposition, dthough the mgority of the LA appears to come from soil loading, which may be partidly
representative of natura background.

The LA assigns respongibility for maintaining the historical average in-stream mercury levelsat site 635 to
below chronic WQS vaues for specific flow exceedance levels. As seen on Figure 7, the assmildive
capacity for LA equas zero for flows from 0- 0.065 cfs (99.2- 100% exceedance), sncetheflow at this
condition may be entirdy effluent created, and then increases to the TMDL curve with increasing flow
beyond 0.065 cfs.

Point Sour ce L oad Reduction

Point sources are respongible for maintaining their syslems in proper working condition and appropriate
capacity to handle anticipated wasteloads of their respective populations. The State and NPDES permits
will continueto beissued onfive year intervas, with ingpection and monitoring requirementsand conditiond

limits on the qudity of effluent released from these fadilities. Ongoing inspections and monitoring of the
systems will be made to ensure that minimal contributions have been made by this source.

Based upon the preceding assessment, the sole permitted point source dischargeisthe MWTPfrom the city
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of Canton, which may have contributed aload of tota mercury into the South Cottonwood River watershed
upstream of dte 635. This discharge was congdered in the WLA edimate. The design flow of the
discharging point source equas the lowest flows seen at station 635 (95-99% flow exceedance), and the
WLA equalsthe TMDL curve acrossthisflow exceedancerange (Figure 7). Theanticipated WLA source
reduction is expected to be zero.

Non-Point Sour ce Load Reduction

Based on the prior assessment of sources, the distribution of excursionsfrom water quality sandards at site
635 and the relaionship of those excursons to runoff conditions and seasons, non-point sources are
regarded as the primary contributing factor to the occasiond total mercury excursionsin the watershed.

The LA equals zero for flows at 0.065 cfs (99.2 - 100% exceedances), as seen on Figure 7), Snce the
flow a this condition may beentirdly effluent created, and then increasesto the TMDL curvewithincreasng
flow beyond 0.065 cfs(Figure 7). Sediment control practicessuch asbuffer stripsand grassed waterways
should help reduce any anthropogenic non-point mercury loadings under higher flows aswell asreducethe
sediment trangported to the stream that may occur during the critica flow period.

The anticipated average LA source reduction was calculated by subtracting the LA from the GWLF nor+
point loading estimate. This estimate is 0.024 |b/day, which represents a 79.1% reduction from current
non-point loading estimates.

Margin of Safety

Federd regulations [40 CFR 8130.7(c)(1)] requirethat TM DL stakeinto consideration amargin of safety
(MOS). TheMOSisa conservative measure incorporated into the TMDL equation that accountsfor the
uncertainty associated with caculating the dlowable mercury pollutant loading to ensure water quality

dandards are attained. USEPA guidance dlowsfor use of implicit or explicit expressons of the MOS, or
both. When conservative assumptions are used in development of the TMDL, or conservative factorsare
used in the cdculaions, the MOS is implicit. When a specific percentage of the TMDL is set aside to

account for uncertainty, then the MOSis consdered explicit. Thismercury TMDL relieson both animplicit
and explicit MOS derived from a variety of caculations and assumptions made which are summarized

below. The net effect of the TMDL with MOS isthat the assmilative capacity of the watershed isdightly

reduced to ensure protection of the designated use. ThisTMDL incorporatesan explicit MOShby usng a
curve representing 90% of the TMDL asthe average MOS.

The following conservative assumptions were made providing an implicit MOS.  The estimated mercury
concentration in runoff isequivaent to the concentration of mercury inthe originating ranfal, which assumes
no lossof mercury from adsorption or any other mechanism during overland flow. Caculationsfor mercury
concentrations associated with TSS loading from soil erosion to the water column assume no loss of

mercury from any mechanism during trangport.  NPDES permitting procedures used by KDHE are
consarvative and provide animplicit MOS built into the calculations (e.g., whether or not to dlow amixing
zone). As an example, the cdculation to determine the permit limit is based on the long term average
treatment efficiency based on a90 percent probability that the dischargewill meet theWLA. 1tiscommon
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knowledge that amechanicd MWTP s efficiency is greater during prolonged dry weether than under wet
wesether conditions. Thelog-norma probability distribution curvesfor treatment plant performance used by
USEPA to determine the long-term average takes into account wet weather reduction in efficiency for
caculating the 90th percentile discharge concentration of mercury (USEPA 1996). During wet weather
periods there would be water flowing in South Cottonwood River, further diluting the MWTP discharge.
Another consarvative assumption that isthe WLA cd culation usesthe design flow rather than actud effluent
flows, which arelower. Thismaximizesthe predicted impact of discharges, and provides an dlocation that
iS more protective.

Uncertainty Discussion

K ey assumptionsused. Followingisalist of operating assumptions needed, duein part to thelimited data
set used to support the calculations.

The lowest stream flow was adjusted to assure that it would not drop below the design flow of the
Hillsboro MWTP

Assumed that discharged concentration occurred at one-hdf the andytica detection limit for
mercury, 2.5 pg/L isthe assumed value,

Matched flow data for USGS station for Cedar Creek near Cedar Point was used rather than
actua flow for South Cottonwood River.

Totd loading data was not normally distributed, and required log-transformation to support the
cdculations.

The LDC method is used to caculate TMDLsin generd becauseit relies on measured water quaity data
and paired water hardness data, and awiderange of “flow exceedance” datarepresenting acompleterange
of flows anticipated a South Cottonwood River. Given the lack of water quality dataand sediment data,
GWLF and the supporting REMSAD model outputs provide the most reliable method for deriving current
non-point source loading and non-point |oad reduction estimates.

Using measured WQS excur sions (Figur e 3) to estimateload reduction. Load reductionisdefined as
the pogitive difference between the WQS and the measured |oad (exceedance), and may be estimated from
the load exceedances shown on Figure 2. However, due to the small number of exceedances from the
overd| water qudity monitoring data, the uncertainty was too large and therefore the GWLF modd |oad
estimate was used instead.

Comparing GWLF output with LDC TMDL. It ispossible to compare the non-point loadsfor mercury
usng the GWLF and LDC methods. The three basc differences between the GWLF and LDC
approaches to making these estimates are: (1) GWLF output is based on watershed precipitation data
rather than measured flow dataand therefore results would not be expected to be comparable between the
two methods, (2) the GWLF dgorithms more completely account for mercury loadings (including naturd
background concentrations of mercury in soil) because GWLF estimates the total amount of sediment
loading from the watershed to the recaeiving water. Findly, (3) the ambient water quality data used to
develop the LDC only accountsfor the portion of mercury detected in the water column and does not take
into account the mercury loading from the watershed that resides in the bed load. Thisfact dso partidly
explains the higher mercury loading estimates provided by the GWLF output.
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Seasonal Variability

Federa regulations[40 CFR 8130.7(c)(1)] requirethat TMDL stakeinto consideration seasond variability
in gpplicable standards. Chronic WQS exceedances occurred during spring and high flow seasons only,
suggesting that seasond variability is a controlling factor in this watershed.

State Water Plan Implementation Priority: Because the mercury impairment is due to aimospheric
depogition and an individua legacy non-point source, this TMDL will be aLow Priority for
implementation.

Unified Water shed Assessment Priority Ranking: Thiswatershed lieswithin the Upper Neosho
Basin (HUC 8: 11070202) with a priority ranking of 20 (High Priority for restoretion).

Priority HUC 11sand Stream Segments: Because atmospheric deposition affects the entire
watershed, no priority subwatersheds or stream segments will be identified.

5. IMPLEMENTATION

Desired Implementation Activities

1. Monitor any anthropogenic contributions of mercury loading to river.

| mplementation Programs Guidance

Until the 2007 assessment of the continuation of monitoring is made, no direction can be made to those
implementation programs.

Timeframe for Implementation: Continued monitoring over the years from 2002 to 2007.
Targeted Participants. Primary participants for implementation will be KDHE.

Milestone for 2007: The year 2007 marks the midpoint of the ten-year implementation window for
the watershed. At that point in time, sampled data from the South Cottonwood River watershed should
indicate no evidence of increasing mercury levels rdative to the conditions seen in 1993-2001. Should

the case of impairment remain, source assessment, alocation and implementation activities will ensue.

Delivery Agents: The primary ddivery agentsfor program participation will be the Kansas
Department of Hedth and Environment.

Reasonable Assurances:
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Authorities: The following authorities may be used to direct activities in the watershed to reduce
pollution.

1. K.S.A. 65-171d empowers the Secretary of KDHE to prevent water pollution and to
protect the beneficia uses of the waters of the state through required treatment of sawage and
established water quality standards and to require permits by persons having a potentid to
discharge pollutants into the waters of the Sate.

2. K.S.A. 2-1915 empowers the State Conservation Commission to develop programs to
ass g the protection, conservation and management of soil and water resources in the state,
induding riparian areas.

3. K.S.A. 75-5657 empowers the State Conservation Commission to provide financia
assistance for local project work plans developed to control nonpoint source pollution.

4. K.S.A. 82a-901, et seq. empowers the Kansas Water Office to devel op astate water plan
directing the protection and maintenance of surface water quality for the waters of the dtate.

5. K.S.A. 82a-951 credtes the State Water Plan Fund to finance the implementation of the
Kansas Water Plan.

6. The Kansas Water Plan and the Neosho Basin Plan provide the guidance to Sate agencies
to coordinate programs intent on protecting water quaity and to target those programs to
geographic areas of the state for high priority in implementation.

Funding: The State Water Plan Fund, annually generates $16-18 million and is the primary funding
mechanism for implementing water qudity protection and pollution reduction activitiesin the Sate
through the Kansas Water Plan. The state water planning process, overseen by the Kansas Water
Office, coordinates and directs programs and funding toward watersheds and water resources of
highest priority. Typicdly, the state alocates at least 50% of the fund to programs supporting water
qudlity protection. Thiswatershed and its TMDL are aLow Priority congderation.

Effectiveness: Appendix A provides a variety of strategies and actions that demonstrate reasonable
assurance that non-point source mercury loadings can be reduced to the level necessary to achieve water
quaity standardsin South Cottonwood River. Thefuturerenewed and revised NPDES permitsfor thetwo
permitted discharges, the city of Canton, will provide reasonable assurances by limiting total mercury

(concentration and load) to the effluent of both facilities. A reopener clausein the NPDES permit may be
necessary should future ambient water monitoring show no progress or an increase in the ambient mercury
concentration associated with point source discharges.
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6. MONITORING

KDHE will continueto collect bimonthly samplesat rotational Station 635in 2004 and 2008 including total
mercury samples in order to assess progress and success in implementing this TMDL. Should impaired
datus remain, the desired endpoints under this TMDL may be refined and more intensive sampling may
need to be conducted under higher flow conditions over the period 2007-2011. Useof thered timeflow
dataavailable a the South Cottonwood River stream gauging station, or other appropriate sation, can help
direct these sampling efforts. Also, use of USEPA Method 1669 - Sampling Ambient Water for Trace
Metalsa USEPA Water Quality CriteriaLeve sfor ultra-clean mercury sampling and andysiscould help to
further define potentidly bioavailable and toxic forms of mercury occurring in the subwatershed.

7. FEEDBACK

Public Meetings. Public meetings to discuss TMDLs in the Neosho Basin were held January 9, 2002
in Burlington, March 4, 2002 in Council Grove, and July 30, 2004 in Marion. An active Internet Web
Ste was established at http:/mww.kdhe.state. ks.ustmdl/ to convey informetion to the public on the
generd establishment of TMDL s and specific TMDLs for the Neosho Basin.

Public Hearing: Public Hearings on the TMDLSs of the Neosho Basin were held in Burlington and
Parsons on June 3, 2002.

Basin Advisory Committee: The Neosho Basin Advisory Committee met to discussthe TMDLSsINn
the basin on October 2, 2001, January 9, March 4, and June 3, 2002.

Discussion with Interest Groups: Meetings to discuss TMDLs with interest groups include:
K ansas Farm Bureau: February 26 in Parsons and February 27 in Council Grove

Milestone Evaluation: In 2007, evauation will be made as to the degree of implementation that has
occurred within the watershed and current condition of the South Cottonwood River watershed.
Subsequent decisions will be made regarding the implementation approach and follow up of additiona
implementation in the watershed.

Consderation for 303(d) Ddlisting: The wetland will be evauated for ddisting under Section 303(d),
based on the monitoring data over the period 2007-2011. Therefore, the decison for deligting will
come about in the preparation of the 2012 303(d) list. Should modifications be made to the applicable
water qudity criteria during the ten-year implementation period, consderation for ddisting, desired
endpoints of this TMDL and implementation activities may be adjusted accordingly.

Incor poration into Continuing Planning Process, Water Quality M anagement Plan and the
Kansas Water Planning Process: Under the current version of the Continuing Planning Process, the
next anticipated revison will comein 2003 that will emphasize revison of the Water Qudity
Management Plan. At that time, incorporation of this TMDL will be made into both documents.
Recommendations of this TMDL will be congdered in Kansas Water Plan implementation decisons
under the State Water Planning Process for Fiscal Y ears 2003-2007.



References

AMSA, 2002. Mercury Source Control and Pollution Prevention Program Eval uation-Final Report.

Chrigensen, V.G., 1999, Deposition of Selenium and Other Congtituents in Reservoir Bottom Sediment
of the Solomon River Basin, North-Centra Kansas. U.S. Geologica Survey Water- Resources
Investigations Report 99-4230, 46 p.

Cldand, B.R. 2002. TMDL Development from the “Bottom Up” — Part 11: Using load duration curveto
connect the pieces. Proceeding from the WEF Nationd TMDL Science and Policy 2002
Conference.

Haith, D. A., R. Mandd, and R. S. Wu. 1996. GWLF: Generdlized Watershed Loading Functions,
Verdon 20, User's Manud. Department of Agriculturd & Biologica Engineering. Cornel
University, Ithaca, NY.

Juracek, K. E. and D. P. Mau. 2002. Sediment Deposition and Occurrence of Selected Nutrients and
Other Chemica Condtituentsin Bottom Sediment, Tuttle Creek Lake, Southeast Kansas, 1962-99.
Water-Resources Investigations Report 02-4048. USGS. Lawrence, Kansas.

Juracek, K. E. and D. P. Mau. 2003. Sediment Deposition and Occurrence of Selected Nutrients, Other
Chemica Condtituents, and Diatoms in Bottom Sediment, Perry Lake, Southeast Kansas, 1969
2001. Water-Resources Investigations Report 03-4025. USGS. Lawrence, Kansas.

Kansas Adminigtrative Regulations (KAR). 2003. Current Water Quality Standards KAR 28- 16-28b
through 28-16-28f.

KDHE. 2002a. Kansas Water Quality Assessment 305(b) Report. Kansas Department of Health and
Environment, Divison of Environment. April 1, 2002.

KDHE. 2002b. Methodology for the Evaluation and Development of the 2002 Section 303(d) List of
Impaired Water Bodiesfor Kansas. Kansas Department of Health and Environment, Watershed
Planning Section. September 5, 2002.

KDHE 2000. The Kansas Environmenta Air Release Profile for 2000 (KDHE 2000)
http://www.catf.ug/publications/fact_sheets/children a risk/Kansas Kids Facts.pdf

Kansas Environment 2000 Report. 2000. http://www.kdhe.state.ks.usmercury/

Mau, D.P. 2004. Sediment Deposition and Trends and Trangport of Phosphorus and Other Chemical
Condtituents, Cheney Reservoir Watershed, South-Central Kansas.
US. Geologicd Survey, Water-Resources  Investigations  Report  01-4085.
http://ks.water.usgs.gov/kansas/pubs/reportsiwrir.01-4085.html

Myers, T.C. and Wei, YiHua 2004. EPA Region 6 REMSAD Air Deposition Modding in Support of
TMDL Deveopment for Southern Louisiana.

23



Olson, W. G., N. Auza, M Schmitt, H. Chester-Jones, J.G. Linn, and M.J. Murphy. 2002.

Schwarz, G.E.,, and R.B. Alexander. 1995. State Soil Geographic (STATSGO) Data Base for the
Conterminous United States. U.S. Geological Survey, Reston, VA.

SETA (Office of Socid and Economic Trend Andyss). 1997. Censusof Agriculturefor Marion County,
Kansas. http://www.setaiastate.edu/agcensus.aspx ?state=K S& fips=20111

Stiles, T.C. 2002. Incorporating hydrology in determining TMDL endpoints and alocations. Proceedings
from the WHEF Nationa TMDL Science and Policy 2002 Conference.

United States. 2002. Sierra Club and Louisiana Environmenta Action Network versus Gregg Cooke,
Chrigtine Whitman, and USEPA. Consent Decree (Civil Action No. 96-0527 Section: “S’ 4, April
2002.

USEPA.. 1995. Nationa Forum on Mercury in Fish, Conference Proceedings. Environmental Protection
Agency, Office of Water, USEPA 823-R-95-002. June 1995.

USEPA.. 1997. Mercury Study Report to Congress. U.S. Environmenta Protection Agency, Officeof Air
Qudity and Standards and Office of Research and Development, USEPA 452/R-97-003.
December. 1997.

USEPA. 2001. Water Quality Criterion for the Protection of Human Hedlth: Methylmercury. USEPA,
Office of Science and Technology, Office of Water, January 2001 (USEPA-823-R-01-001).

USEPA. 2001a. Better Assessment Science I ntegrating Point and Nonpoint Sources, BASINS, Verson
3.0, U.S. Environmental Protection Agency, Office of Water, Washington, DC.

USGS. 1999. United States Geologic Survey Gap Analysis Program (GAP) database.

USEPA. 1991. Guidance for Water Quality-Based Decisons. The TMDL Process. Assessment and
Watershed Protection Divison, Washington, DC.

United States Geological Survey (USGS). 2001. Water Resources of the United States. NWISweb online
hydrologic data: http://water.usgs.gov.

USGS. 2004. Estimated Flow Duration Curvesfor Selected Ungaged Sitesin Kansas. Water Resources
Investigations Report: No. 01-4142. http://ks.water.usgs.gov/K ansas/pubs/reports/wir.01-
4142 html#HDR14

Wayland, R. November 22, 2002. Memorandum from Robert Wayland of the U. S. Environmenta
Protection Agency to Water Divison Directors. Subject: Establishing TMDL Waste Load
Allocation for sormwater sources and NPDES permit requirements based on those alocations.

Whittemore, D.O. and Switek, J., 1977, Geochemical controls on trace e ement concentrations in natural
waters of a proposed cod ash landfill dte Kansas Water Resources Research Indtitute,
Contribution no. 188.

24



APPENDIX A
WATER QUALITY DATA
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Table A-1: Data Used to Gener ate the South Cottonwood River Flow Duration Curve

Flow (cfs)
S. Cottonwood

P 07180500 River
99.5 0 0.064985301
99.4 0.02 0.064985301
99.3 0.05 0.064985301
99.2 0.1 0.064985301
99.1 0.16 0.064985301

99 0.2 0.0791

98 1 0.2712

97 15 0.565

96 1.8 0.8475

95 2.1 1.1187

94 2.4 1.3334

93 2.7 1.5594

92 3 1.7741

91 3.3 2.0227

90 3.5 2.147

89 3.72 2.3504

88 3.94 2.5538

87 4.16 2.7572

86 4.38 2.9606

85 4.6 3.164

84 4.86 3.2996

83 5.12 3.4352

82 5.38 3.5708

81 5.64 3.7064

80 5.9 3.842

79 6.14 3.9776

78 6.38 41132

77 6.62 4.2488

76 6.86 4.3844

75 7.1 452

74 7.48 4.7008

73 7.86 4.8816

72 8.24 5.0624

71 8.62 5.2432

70 9 5.424

69 9.44 5.5596

68 9.88 5.6952

67 10.32 5.8308

66 10.76 5.9664

65 11.2 6.102

64 11.68 6.2376

63 12.16 6.3732

62 12.64 6.5088

61 13.12 6.6444

60 13.6 6.78
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Flow (cfs)

S. Cottonwood

P 07180500 River
59 14.08 6.9382
58 14.56 7.0964
57 15.04 7.2546
56 15.52 7.4128
55 16 7.571

54 16.58 7.7292
53 17.16 7.8874
52 17.74 8.0456
51 18.32 8.2038
50 18.9 8.362

49 19.56 8.6106
48 20.22 8.8592
47 20.88 9.1078
46 21.54 9.3564
45 22.2 9.605

44 22.86 9.944

43 23.52 10.283
42 24.18 10.622
41 24.84 10.961
40 25.5 11.3

39 26.52 11.752
38 27.54 12.204
37 28.56 12.656
36 29.58 13.108
35 30.6 13.56

34 31.68 14.238
33 32.76 14.916
32 33.84 15.594
31 34.92 16.272
30 36 16.95

29 37.4 17.854
28 38.8 18.758
27 40.2 19.662
26 41.6 20.566
25 43 21.47

24 44.86 22.826
23 46.72 24.182
22 48.58 25.538
21 50.44 26.894
21 50.44 26.894
20 52.3 28.25

19 54.86 31.188
18 57.42 34.126
17 59.98 37.064
16 62.54 40.002
15 65.1 42.94

14 69.5 50.172
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Flow (cfs)
S. Cottonwood
P 07180500 River
13 73.9 57.404
12 78.3 64.636
11 82.7 71.868
10 87.1 79.1
9 96.3 88.14
8 109.3 103.96
7 122.3 124.3
6 137.4 155.94
5 171.1 192.1
4 207.7 237.3
3 293.3 316.4
2 460.3 463.3
1 961.7 800.04
0.9 1145.28 861.06
0.8 1270 932.25
0.7 1377.1 1000.05
0.6 1548.6 1096.1
0.5 1548.6 1243
0.4 1850 1412.5
0.3 2057.28 1627.2
0.2 2504.68 1921
0.1 3401.6 2486

Table A-2: Water Quality Data for Station 635 and Matched Flow Data Used to Support the
L oad Duration Curve

Mercury Concentration Hg Chronic Criteria

Collection Date Flow (cfs) (ug/L) (ug/L)
1/6/1993 51 0.5* 0.012
5/19/1993 116 0.5* 0.012
9/8/1993 21 0.7 0.012
3/12/1997 52 0.5* 0.012
7/16/1997 24 0.5* 0.012
11/12/1997 22 0.5* 0.012
1/10/2001 15 2.5 0.012
3/14/2001 50 0.5* 0.012
5/9/2001 42 0.5* 0.012
7/18/2001 12 0.5* 0.012
9/12/2001 4.9 0.5* 0.012
11/7/2001 7.5 0.5* 0.012

Note: * indicates not detected at the method detection limit shown
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APPENDIX B
INPUT AND OUTPUT DATA FOR REMSAD/GWLF MODELS
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South Cottonwood Input

LAND USE AREA(ha) CURVE NO KLSCP
CROPLAND AND PASTURE 29986. 86.0 0.00140
HERBACEOUS RANGELAND  676. 88.0 0.00130
RESERVOIRS 2. 0.0 0.00000
COMMERCIAL AND SERVICES 38. 98.0 0.00140

MXD URBAN OR BUILT-UP 204. 98.0 0.00140

MONTH ET CV() DAY HRS GROW. SEASON EROS. COEF

JAN 6.000 9.7 0 2
FEB 6.000 10.6 0 2
MAR 6.000 11.8 0

APR 6.000 13

MAY 6.000 14 1

JUNE 6.000 145 1 3
JULY 6.000 14.3 1 3
AUG 6.000 134 1 3
SEPT 6.000 12.2 1 3
OoCT 6.000 11

NOV 6.000 10

DEC 6.000 9.4 0 2

ANTECEDENT RAIN+MELT FOR DAY -1TODAY -5
0 0 0 0 0

INITIAL UNSATURATED STORAGE (cm) = 10
INITIAL SATURATED STORAGE (cm) = 0
RECESSION COEFFICIENT (Uday) = .01
SEEPAGE COEFFICIENT (L/day) = 0

INITIAL SNOW (cm water) = 0

SEDIMENT DELIVERY RATIO = 0.065

UNSAT AVAIL WATER CAPACITY (cm) = 10



South Cottonwood Output

S Cottonwood YEAR SIMULATION

YEAR PRECIP EVAPOTRANS GRWAT.FLOW RUNOFF STREAMFLOW

---------------------------------------------------- (O = mmm e e
1 88.2 85.9 0.1 12.2 12.3

2 69.6 61.6 0.0 7.1 7.1

3 108.5 85.0 0.0 245 245

4 708 63.6 0.0 7.1 7.1

5 74.8 59.3 0.0 15.5 155

------------------------------------------- (1000 MQ)-----smmmmmmeeemmmmmmee i mme e mmeennnae
1 16.0 1.0 0.0 0.0 0.0 0.0
2 145 0.9 0.0 0.0 0.0 0.0
3 26.0 1.7 0.0 0.0 0.0 0.0
4 13.6 0.9 0.0 0.0 0.0 0.0
5 18.0 1.2 0.0 0.0 0.0 0.0
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